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IX.-Note on the Proper Dejnition of the Amplifying Power of a 
Lens or Lens-system. 

By Prof. E. ABBE, Hon. F.R.M.S.t 
(Read 12th March, 1884.) 

THE generally adopted notion of “linear amplification a t  a cer- 
tain distance” is in fact a very awkward and irrational way of 
defining the “amplifying power” of a lens or a lens-system. 
Unfortunately, there is little hope that a more rational expression 
will be generally adopted, because it will seem to be ‘( too abstract,” 
but it may, nevertheless, be useful to consider the following :- 

In the formula N = - the (( amplification” of one and the 

same system varies with the length I ,  or the “ distance of vision,” 
and an arbitrary conventional value of 2 (e. g. 10 in. or 250 mm.) 
must be introduced, in order to obtain comparable figures. The 
actual “ linear amplification” of a system is, of course, different, in 
the case of a short-sighted eye, which projects the image at  a dis- 
tance of 100 mm., and a long-sighted one which projects it at  
1000 mm. Nevertheless, the “ ampZqying power” of every system 
is always the same for both, because the short-sighted and the long- 
sighted observers obtain the image of the same object under  the 
same visual angle, and consequently the same r e d  diameter of the 
retinal image. That this is SO will be seen from fig. 48, where 
the thick lines show the course of the rays for a short-sighted 
eye, and the thin lines for a longsighted one, the eye in each 
case being supposed at  the posterior principal focus of the system. 

The semi-visual angle u* under which an object of semi- 
diameter h is seen, is the same for both observers, as the change 
resulting from the different positions of the object concerns 
only the degree of divergence of the various pencils from the 
various points of the object (and the image), and does not alter the 
refraction of the principal (central) rays from the various points. 

This consideration leads to an ex ression of the (( power” which 
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is in conformity to the last-mentione t; salient fact. The quotient 
tan u* 
h’ 

where u* is the semi-visual angle corresponding to F, the semi- 
diameter of‘ the object, is a constant quantity for every system, not 
depending on the particular circumstances of the observing eye ; 
and this quotient indicates, obviously, the greater or smaller visual 

t The original papcr is written by Prof. Abbe in English. 
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angle, under which a given length h is displayed by the system to 
every eye. The numerical value of this quotient gives the tangent 
of the visual angle, under which the unit of length (h = 1) is 
shown through the system. This quotient, therefore-i. e. the 
ratio of tan u* to h, or the visual angle corresponding to the unit of 
length, measured by the tangent-is the rational expression of the 

FIG. 48. 

magnification or “power” of an optical system, because every observer 
will see every object enlarged through different systems in the exact 
proportion of the value of that quotient. 

From the fundamental definition of the (‘ equivalent focal- 
length” of a lens-system results the identity of the above-mentioned 
quotient with the reciprocal value off (focal length) : we have 

tan u+ 1 
h .f 
- =-.  

Consequently the reciprocal of the focal length of a system is, by 
itself, the proper expression of its amplifying power, because this 
reciprocal expresses numerically the visual angle (measured by the 
tangent) under which the unit of length appeara through the 
system. 

This very simple expression of the amplifying power of a lens- 
system is a strict one, it is true, under the supposition only which 
wm mentioned above, that the place of the eye be at the posterior 
principal focus of the system, or, what is the same thing, that the 
principal rays from the various points of the object cross at that 
focus. 

As far as the compound Microscope is in question, no other 
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case needs to be considered. For the ‘I eye-point ” of the Micro- 
scope coincides, practically, with the posterior principal focus of the 
total system. With a hand-magnifier, however, the eye may 
change its place to some extent, and the crossing-point of the 
principal rays will therefore be subjected to deviations from the 
posterior focus of the system. In  regard to this more general 
case the exact formula for determining the power of a system in 
the manner indicated above is 

h n u *  -=-(1+++- 1 l l d  .-, 
h f  f f l  

in which 1 denotes once more the distance of distinct vision of the 
observing eye, and d the deviation of the said crossing point, or 
the place of the eye, from the posterior focus. (d must be intro- 
duced with positive sign if the focus is behind the eye, and with 
negative sign if it is in front.) 

According to this general formula the exact ratio of the visual 
angle to the linear magnitude of the object is expressed by a 

principal term , which is independent of all particular cir- 

(3 - +) which varies with the cumstances, and an additional term 

position and the accommodation of the observer’s eye. As in all 
practical cases -will be a small fraction, the additional term indi- 
cates merely a small correction, and this correction alone depends ou 
the distance of vision and the place of the eye. The simple 
reciprocal of the focal length will therefore afford in all cases 
a proper measure of the amplifying power of a lens-system, because 
it expresses that component of the amplifying power which is 
inherent in the system itself, and independent of the variable 
circumstances under which it may be used. 

1 The other generally adopted expression of the power b y N  = 

may be put on a somewhat more rational basis than is generally done, 
by defining the length 1 (10 in.) not as “ distance of distinct vision,” 
but rather as “distance of projection of the image.” As far as 
‘I distinct vision” is assumed for determining the amplification, the 
value of N has no real signification at all in regard to an observer 
who obtains distinct vision at 50 in. instead of 10 in., and in fact 
many microscopists declare the ordinary figures of amplification to be 
useless for them, because they cannot observe the image at  the 
supposed distance. I t  appears as if-and many have this opinion- 
the performance of the Microscope in regard to magnification 
depended essentially on the accommodation of the observer’s eye. 
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This misleading idea, resulting from the common expression, is 
eliminated by defining the 10 in. merely as the distance from the 
eye at  which the image is measured-whether it be a distinct or a n  
indistinct image. For if an observer, owing to the accommoda- 
tion of his eye, obtains a distinct image at a distance of 10 feet, I 
may nevertheless assume a plane at a distance of 10 in. from the 
eye on which the distant image is virtually projected, and measure 
the diameter of that projection. Now this diameter is strictly the 
same as the diameter of that image, which another observer 
would really obtain with distinct vision at  that same distance of 
10 in. The only difference is, that in the former case we must 
take the centres of the circles of indistinctness instead of the sharp 
image-points in the latter case. 

If the conventional length of I = 10 in. is interpreted in this 
way (as distance of projection, independently of distinct vision) the 
absurdity at  least of a real influence of the accommodation on the 

ower of a Microscope is avoided. It becomes obvious, that for 
fong-sighted and for short-sighted eyes the same N must indicate the 
same visual angle of the enlarged objects, or the same magnitude of 
the retinal image, because it indicates the same diameter of the 
projection at  10 in. distance, (See fig. 48.) 


